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0(57) Abstract: The object of the present invention is to delect and identify a medicament which inhibits activation of viral poJv- 
"^ZfV'l ^^t^'"^"'^^ ^° P^^^^'d*^ 2"^i-viral agent using a medicament which inhibits acUvaiion of viral poJymemsTvia 

^ KNA bmdmg. The present imreniion provides an anli-viral agent comprising, as an active ingiediem. a medicament which inhibits 
activation of viral polymerase via RNA binding. '■""ous 
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DESCRIPTION 



ANTI-VIRAL AGENTS AND IN-VITRO METHOD FOR THE IDENTIFICATION OF CANDIDATES ABLE 
TO INHIBIT BINDING OF POLYMERASE TO EPSILON 



Technical Field 

The present invention relates to an anti-viral agent showing a novel 
pharmacological action. More specifically, the presmt invmtion relates to an 
anti-viral agent which exerts an inhibitory mechanism of action against activation of 
viral polymerase via RNA binding. Moreover, the present invention also relates to a 
method for screening an anti- viral agent by evaluating inhibition of activation of viral 
polymerase via RNA binding. 



Background Art 

Hepatitis B virus (HBV) is a causative agent of an acute or chronic hepatitis B. 
It is estimated that there are more than 300 million HDBV carriers throughout the world, 
and therefore a disease from HBV infection, hepatitis B, is considered to be a serious 
disease, and has been listed as one of the 10 leading causes of death in the world (World 
Heath Organization warns of growing "crisis of suffering'' 
http ://w WW. who.in t/whr/1 997/presse.htm) . Since 1999, the only approved therapy to 
treat HBV infection had been an administration of interferon^ but a nucleoside analogue 
anti-viral agent, lamivudine, has recendy been approved to treat HBV iofection, and 
many anti-viral agents are. now being clinically developed. Since HBV can infect and 
replicate only in humans and chimpanzees, a woodchuck hepatitis virus (WHV) and a 
duck hepatitis B virus (DHBV), which are belonging to Hepadnaviridae like HBV, are 
recognized as important models of hepadnavirus infection and are used in studies 
regarding the replication of hepadnaviruses, including searches for the antiviral agents. 
The hepadnavirus uses a pregenome RNA (pgRNA), which encodes its own core 
protein and polymerase (POL), as an iotermediate for replication of its own viral DNA 
by RNA-dependent DNA polymerase activity of the POL (Cell, Summers and Mason, 
Vol. 29, 403-415 (1982)). The POL recognizes and binds to a e motif, a secondary 
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Structure of RNA which locates near the 5 '-terminus on a pgRNA, and then viral core 
particles are fonned by encapsidation with core proteins (The EMBO J., Bartenschlager 
and Schaller, Vol.11, No.9, 3413-3420 (1992)). Moreover, it is shown that POL 
binding to e motif act as a protein primer, a starter for viral gaie replication, and that 
the POL covalently bonds to the negative strand of the viral DNA (Cell, Wang and 
Seeger, VoL71, 663-670 (1992)). to this experiment system, DHBV POL is expressed 
by an in vitro translation system using a rabbit reticulocyte lysate, and then 
deoxynucleoside triphosphates (dNTPs) are added to a POL- e RNA complex in the 
solution to perform priming reaction, followed by detection of POL covalently bonded 
to labeled dNTR Applying this experiment system, anti-viral activity of 
triphosphorylated nucleoside analogues to compete with dNTP was investigated by 
using the existing anti-viral agents, and competitive inhibition against each nucleotide 
had been shown (Journal of Virology, Staschke and Colacino, V0L68, No. 12, 8265-8269 
(1994); Antimicrobial Agents and Chemotherapy, Seifer et al., Vol.42, No.l2, 
3200-3208). Furthermore, a recent study suggests that POL is activated by binding to 
the f motif on its pgRNA (Journal of Virology, Tavis et al., VoL72, No.5, 5789-5796 
(1998); and Journal of Virology, Xingtai Wang and Jianming Hu, Vol.76, No. 12, 
5857-5865 (2002)). 

However, any compound that inhibits the activation of POL caused by binding 
to the £ motif of pgRNA has not been reported untO now. 

Disclosure of the Invention 

An object of the present invention is to search for and identify a medicament 
which inhibits activation of viral polymerase via RNA binding. Another object of the 
present invention is to provide an anti- viral agent using a medicament which inhibits 
activation of viral polymerase via RNA binding. A further object of the present 
invention is to provide a method for screening a medicament which inhibits activation 
of viral polymerase via RNA binding. 

In the conventional experiment system, a test medicament is added after 
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fonnadon of a POL- . RNA complex to analyze competitive action with dNTP. 
lUrough intensive studies directed toward the above object, the present inventors have 
improved the conventional experiment system by providing separately each of POL, e 
RNA and adding a test medicament before formation of a POL- . RNA complex and 
thereby succeeded to fmd an inhibitory activity of a compomid which did not show the 
mhibitory activity in the conventional experiment system. The present inventors also 
succeeded in identi^g a novel inhibitory mechanism of viral polymerase, thereby 
completing the present invention. 

According to the present invention, there is provided an anti-viral agent 
comprising, as an active ingredient, a medicament which inhibits activation of Ll 
polymerase via RNA bindin" 

Preferably, activation of viral polymerase via RNA binding is activation of 
viral polymerase via binding of virus RNA and viral polymerase. 
Preferably, RNA is £ RNA 

Preferably, a pharmacological efQcacy is sustained after withdrawing the 



agent 



Preferably, the virus belongs to Hepadnaviridae, and particularly preferably 
the virus is a hepatitis B virus. 

According to forther another preferred embodiment, there is provided the 
anti-viral agent wherein the medicament is a phosphonate nucleotide compound 
represented by the following formula (1) or a salt thereof, or a hydrate or solvate thereof- 
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(I) 



CH2CHOCH2P-OR2 

6r3 



wherein, 

R' is a hydroxyl group or a C-Cj alkoxy group; each of R^and R^ is independently a 
hydrogen atom, a Ct-Czt alkyl group, an acyloxymethyl group, an acylthioetbyl group, 
or an ethyl group substituted by one or more halogen atoms; R" is a hydrogen atom, a 
CrQ alkyl group, a C1-C4 hydroxyalkyl group, or a C,-C4 alkyl group substituted by 
one or more halogen atoms; and X is CH or a nitrogen atom. 

Preferably, R' is a hydioxyl group or a methoxy group. 

Preferably, each of R^ and R^ is independently a hydrogen atom, a Ci-Cn 
alkyl group, or an ethyl group substituted by one or more halogen atoms. 

Preferably, each of R^ and R^ is independenfly a hydrogen atom or a 
2,2,2-trifluoioethyl group. 

Preferably, R" is a hydrogen atom or a methyl group. 
Preferably, X is CH. 

Particularly preferably, R' is a hydroxyl group or a methoxy group, each of R^ 
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and R is independently a hydrogen atom or a 2,2;2-trifluoroethyl group, is a 
hydrogOT atom, and X is CH. 

Particularly preferably, the medicament is 

2-aniino-6-(4-methoxyphenylthio)-9-[2-(phosphonomethoxy)ethyl]purine 
bis(2,2,2-trifluoroethyl) ester, 2-amino-6-(4-methoxypbenylthio>9-[2- 
(phosphonomethoxy)ethyl]-purine, 2-amino-6-(4-hydroxyphenylthio)-9-[2- 
(phosphonomethoxy)ethyl]-purine, qj. 

2-aniino-6-(4-hydroxyphenyltUo)-9-[2-(phosphonomethoxy)ethyl]purine(^ 
trifluoroetbyl) ester- 
According to another aspect of die present invention, there is provided a 
method , for screening an anti-viral agent, which' comprises a step of evaluating 
activation of viral polymerase via RNA binding. 

Preferably, the step of evaluating activation of viral polymerase via RNA 
binding is that of evaluating the degree of bindmg of vims RNA and viral polymerase. 

Preferably, the method for screenmg an anti-viral agent comprises steps of 
adding a test medicament to viral polymerase, adding virus RNA, and evaluating the 
degree of binding of virus RNA and viral polymerase. 

Preferably, the mediod for screening an anti-viral agent comprises steps of 
addmg a test medicament to viral polymerase, adding virus RNA, and judging that the 
test medicament is an anti- viral agent when the test medicament inhibits the binding of 
virus RNA and viral polymerase. 

Preferably, RNA is s RNA. 

Preferably, the virus belongs to Hepadnaviridae. 

Preferably, the virus is a hepatitis B vims. 

According to further another aspect of the present invention, there is provided 
an anti-viral agent obtained by die method for screening an anti-viral agent according to 
the present invention. 

According to further another aspect of the present invention, there is provided 
an anti-viral agent obtained by the steps of conducting die method for screening an 

5 
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and- viral agent accordiBg to the present invention to obtain an anti-viral substance, 
producing the thus obtained anti-viral substance by chemical synthesis, and mixing the 
anti- viral substance with a phannaceutically acceptable cairier. 

According to another aspect of the present invKition, there is provided a 
method for inhibiting a virus, which comprises administration of a pharmacologically 
effective amoimt of medicament inhibiting a process where viral polymerase is 
activated via binding of virus RNA and viral polymerase, to mammals including a 

¥ 

human. 

According to further aspect of the present invention^ there is provided the use 
of a medicament inhibiting a process where viral polymerase is activated via binding of 
virus RNA and viral polymerase, for the production of an anti- viral agent. 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 shows a schematic diagram of a plasmid construct. In Figure 1, A 
shows DHBV POLS' f used in the conventional method, B shows DHBV POL i (-) 
used in the improved method for the preparation of POL, C shows DHBV 5' a' used in 
the improved method as e RNA, D shows DHBV HIS-TP used in die improved 
method for the preparation of Terminal Protein (TP), and E shows DHBV A TP-POL 
e {-) used in the improved method for the preparation of TP-deleted POL. 

Figure 2 shows test results obtained by the conventional method. 

Figure 3 shows test results in respect of RNA concentration dependency by an 
improved method. 

Figure 4 shows results of a RNA competition tests obtained by an improved 

method. 

Figure 5 shows test results in respect of the analysis of POL level dependency 
by an improved method. 

Figure 6 shows results of study of the TP or s RNA concentration 
dependency. 

Figure 7 shows results of iohibitory activity of medicament against TP as 
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protein primer during the formation of TP- A TP POL- s RNA complex. 

Best Mode for Carrying out the Invention 

The anti-viral agent of the present invention is characterized in that it 
comprises, as an active ingredient, a medicament which inhibits a process where viral 
polymerase is activated via binding of virus RNA and viral polymerase, and preferably 
that the pharmacological efficacy is sustained after withdrawing the agent 

Specific examples of medicaments include the phosphonate nucleotide 
compound of the above formula (I) or a salt thereof, or a hydrate or solvate thereof, and 
the like, 

Jn the above formula (I), examples of a Ci-Q alkoxy group represented by 
include a methoxy group, an edioxy group, an n-propyloxy group, an isopropyloxy 
group, an n-butyloxy group, an isobutyloxy group, a sec-butyloxy group, a tert-butyloxy 
group, a pentyloxy group, a hexyloxy group, and the like. 

In the phosphonate nucleotide compound of the above formula (I), examples 
of a C1-C22 alkyl group represented by and R^ include a methyl group, an ethyl group, 
an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl 
group, a tert-butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group, 
a nonyl group, a decyl group, an undecyl group, a dodecyl group, a tridecyl group, a 
tetradecyl group, a pentadecyl group, a hexadecyl group, a heptadecyl group, an 
octadecyl group, a nonadecyl group, an icosyl group, a henicosyl group, a docosyl 
group, and the like. 

Examples of an acyloxymethyl group represented by R^ and R^ include an 
acetyloxymethyl group, a propionyloxymediyl group, a butyryloxymethyl group, an 
isobutyryloxymethyl group, a valeryloxymethyl group, an isovaleryloxymethyl group, a 
pivaloyloxymethyl group, and the like. 

Kxamples of an acylthioethyl group represented by R^ and R^ include an 
acetyltfiioethyl group, a propionylthioediyl group, a butyrylthioethyl group, an 
isobutyrylthioethyl group, a valerylthioethyl group, an isovalerylthioethyl group, a 

7 
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pivaloylthioethyi group, and the like. 

la an ethyl group substituted by one or more halogen atoms represented by 
and R , the type of the halogen atom may be any of a fluorine, chlorine, bromine or 
iodine atom. Examples of an ethyl group substituted by one or more halogen atoms 
include a 1-fluoroethyl group, a 2-fluoroethyl group, a 1-chloroethyl group, a 
2-chloroethyl group, a 2-bromoethyl group, a 2,2-difluoroethyl group, a 
2,2-dichloroethyl group, a 2,2-dibromoethyl group, a 2,2,2-trifluoroethyl group, a 
2,2,2-trichloroethyl group, a 2,2,2-tribromoethyl group, and the like. It is particularly 
preferred that the 2-position of an ethyl group is substituted, and the preferred halogen 
atom is a fluorine atom. At least one of R^ and R^ is preferably an ethyl group 
substituted by one or more halogen atoms, and particularly preferably 
2,2,2-trifluoroethyl group. 

Examples of a C1-C4 alkyl group represented by R"* include a methyl group, 
an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl 
group, a sec-butyl group, a tert-butyl group, and the like. Examples of a C1-C4 
hydroxyalkyl group represented by R"^ include a hydroxymethyl group, a 

1- hydroxyethyl group, a 2-hydroxyethyl group, a 1-hydroxypropyl group, a 

2- hydroxypropyl group, a 3-hydroxypropyl group, a 1-hydroxybutyl group, a 
2-hydroxybutyl group, a 3-hydroxybutyl group, a 4-hydr6xybutyl group, and the like. 
Examples of a C1-C4 alkyl group substituted by one or more halogen atoms represented 
by R"* include a group in which a halogen atom(s) such as a fluorine atom or a chlorine 
atom is/are bound to a methyl group, an ethyl group, an n-propyl group, an isopropyl 
group, an n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, and the 
like. Specific examples of such a group include a fluoromethyl group, a 
difluoromethyl group, a trifluoromethyl group, a fluoroethyl group, a chloroethyl group, 
a fluoropropyl group, a chloropropyl group, a fluorobutyl group, a chlorobutyl group, 
and the hke. 

The first condition for the preferred compound of the present invention is that 
each of R and R is independently a hydiogoi atom, a C1-C22 alkyl group or an efliyl 
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group substituted by one or more halogen atoms. The second condition for the 
preferred compound of the present invention is that and is mdependently a 
hydrogen atom, a C1-C22 alkyl group or a 2,2,2-trifluoroethyl group, and is a 
hydrogen atom or a methyl group. 

Examples of specific preferred, compoimds satisfying such conditions include 
the following compounds: 

2-amino--6-(4-methoxyphenylthio)-9-[2-(phosphonomethoxy)ethyl]purine bis(2,2,2- 
trifluoroetfayl) ester; 

2-anuno-6-(4-methoxyphenylthio>9-[2-(phosphonomethoxy)ethyl]purine (2,2,2- 
trifluoroethyl) ester; 

2-amino-6-(4-meaioxyphenyldiio>9-[2-(phosphonomethoxy)ethyl]purine; 

2-amino--6-(4-hydroxyphenylthio)-9-[2-(phosphonomethoxy)etiiyl]puriQe 
bis(2,2,2-trifluoroethyl) ester, 

2-amino-6-(3-hydn)xyphenylthio>9-[2-(phosphonomethoxy)ethyl]purine 
bis(2,2,2-trifluoroediyl) ester, 

2-amino-6-(2-hydroxyphenylthio)-9-[2-(phosphonomethoxy)ethyl]-purine 
bis(2,2,2-trifluoroethyl) ester; 

2-amino-6-(4-hydroxyphenylthio)-9-[2-(phosphonomethoxy)propyi]purine 
bis(2,2,2-trifluoroethyl) ester, 

2-aniino-6-(3-hydroxyphenylthio)-9-[2-(phosphonomethoxy)propyl]purine 
bis(2,2,2-trifluoroethyl) ester, 

2-aniinO"6-(2-hydroxyphenylthio)-9-[2-(phosphonomethoxy)propyl]purine 
bis(2,2,2-trifIuoroethyl) ester; 

2-ainino76-(4-hydroxyphenylthio>9-[2-(phosphonomethoxy)ethyl]purine 
methyl(2,2,2-trifluoroethyl) ester, 

2-aBadno-6-{3-hydroxyphenylthio)-9-[2-(phosphonomethoxy)ethyl]purine 
methyl(2,2,2-trifluoroethyl) ester, 

2-amino-6-(2-hydroxyphenylthio)-9--[2-(phosphonomethoxy)ethyl]purine . 
methyl(2,2,2-trifluoroethyl) ester, 

9 
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2-amino-6-(4-hydroxyphenylthio>9-[2.(phosphonomeft^^ 
methyl(2,2,2-trifiuoioethyI) ester, 

2-aiQincK6-(3-hydroxyphenylthio)-9-[2-(phosphonomethoxy)propyI] 
inethyl(2,2;2-tr!fluoroethyI) ester, 

2-ainincK6-{2-hydrox}TphenyIthio)-^9-[2-(phosphonomethoxy)propyl]pu^ 
methyl(2,2,2-trifluoroethyl) ester, 

2-amino-6-(4-hydroxyphenylthio)-9-[2-(phosphonomethoxy)^^ 
(2,2,2-trifluoroetiiyl) ester, 

2-aiiimcH6-(3-hydroxyphenylthio)-9-[2-(phosphonomethoxy)ethyl]p^ 
(2,2,2-trifIuoroetbyl) ester, 

2-ainino-6-(2-hydroxyphenylthio>9-[2-(phosphonometfaoxy)etbyI]pi^ 
(2,2,2-trifIuoroethyl) ester, 

2-ainmo-6-(4-hydroxyphenyltMo>9-[2-{plK)sphonomethoxy)propyy^ 
(2,2,2-trifluoroethyl) ester, 

2-ainino-6-(3-hydioxyphenylthio)-9-[2-(phosphonometfaoxy)pro^ 
(2,2,2-trifluoroethyl) ester; 

2-amino-6-(2-hydroxyphenylthio)-942-(phosphonometboxy)propyl] 
(2,2,2-trifluoroethyI) ester; 

2-aiidno-6-(4-hydroxyphenylthio)-942-(phosphonomethoxy)ethyl]pu^ 

2-aiiiino-6-(3-hydroxyphenylthio>9-[2-(phosphonoinetho^ 

2-amino-6-(2-hydroxyphenylthio>9-[2-(phosphonomethoxy)efe 

2-ainmo-6-{4-hydroxyphenyltMo)-9-[2-(phosphonomethoxy)propyl]p^ 

2-ammo-6-(3-hy(koxyphenylthio>9-[2-(phosphonomethoxy)propyl]^ and 

2-amino-6-(2-hy(froxyphenylthdo>942-(phosphonometboxy)^^^ 

The third condition for the preferred compound of the present invention is that 

2 3 

each of R and R is a 2,2,2-trifluoroethyl group and R^ is a hydrogen atom or a methyl 
group. Examples of preferred compounds satisfying such conditions include the 
following compounds: 

2-amino-6-(4-methoxyphenylthio)-9- [2-(phosphonomethoxy)ethyl]purine bis(2,2,2- 

10 
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trifluoroethyi) ester; 

2-aiiiino-6-(4-hydroxyphenylthio)-9-[2-(phosphonomethoxy)ethy 
2-aiiimc>-6-(4-methoxyphenylthio)-9-[2-(phosphonomethoxy)eth^ 
2-amino-6-(4-hydroxyphenylthio)-9-[2-(phosphonomethoxy) 
bis(2,2,2-trifluoroethyl) ester, 

2-aiiuncH6-(3-hydroxyphenyltMo)«9*[2-{phosphonomethoxy)ethyl]pi^^ 
bis(2,2,2-trifluoroethyl) ester; 

2-amino-6-(2-hydroxyphenylthio)-9-[2-(phosphonomethoxy)ethyl]purin^ 
bis(2,2,2-trifIuoroetiiyl) ester, 

2-arDino-6-(4-hydroxyphenylthio)-9-[2-(phosphonoinethoxy)propyl]piu^ 
bis(2,2,2-trifluoroetfayl) ester; 

2-ainino-6-(3-hydroxyphenylthio)-9-[2-(phosphoiiomethoxy)propyl]pur^ 
bis(2,2,2-trifluoroethyl) ester, and 

2-amiiio-6-(2-hydroxyphenylthio)-9-[2-(phosphonoinethoxy)pro^^^ 
bis(2,2,2-trifluoroethyl) ester. 

The fourth condition for the preferred compound of the present invention is 
that R is a hydroxyl group, each of R and R is a 2,2,2-trifluoroethyl group, and R is a 
hydrogen atom. Examples of preferred compounds satisfying such conditions include 
the following compounds: 

2-aiiiino-6-(4-hydroxyphenyithio)-9-[2-(phosphonomethoxy)ethyl]puri^ 
bis(2,2,2-trifluoroethyl) ester, 

2^amino-6-(3-hydroxyphenylthio)-9-[2-(phosphonomethoxy)ethyl]purine 
bis(2,2,2-trifluoroethyl) ester; and 

2-amino-6-(2-hydroxyphenylthio)-9-[2-(phosphonomethoxy)ethyl]purine 
bis(2,2,2-trifluoroethyl) ester. 

The phosphonate nucleotide compoimd of the above formula (I) of the present 
invention may exist as a salt, and any salt formed by the above compound can be used 
as an active ingredient of the anti-viral agent of the present invention. Examples of 
such a salt include a pharmaceutically acceptable salt Where an acidic group exists, 

11 
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the acidic group is able to fonn metal salts such as a lithium salt, a sodium salt, a 
potassium salt, a magnesium salt and a calcium salt, and ammonium salts such as an 
ammonium salt, a methyl ammonium salt, a dimethyl ammonium salt, a trimethyl 
ammonium salt and dicyclohexyl ammonium salt Where an amino group exists, the 
amino group is able to form mineral acid salts such as hydrochloride, hydrobromide, 
sulfate, nitrate, phosphate and metaphosphate, and organic acid salts such as 
methanesulfonate, benzenesulfonate, para-toluenesulfonate, acetate, propionate, tartrate, 
fumarate, maleate, malate, oxalate, succinate^ citrate, benzoate, mandelate, cinnamate, 
lactate, besylate, valerate, stearate, oleate, lactobionate, ethylsuccinate, semisuccinate, 
butyrate, palmitate, carbamate, gluconate, laurate, salicylate, laokurate, tannate and 
butylsulfonate. 

The phosphonate nucleotide conq)ound of the above formula (I) and salt 
fliereof may exist in the form of a hydrate or solvate. Any given hydrate or solvate 
which is formed by the phosphonate nucleotide compound of the above formula (I) or 
salt thereof, can be used as an active ingredient of the medicament of the present 
invention. Examples of a solvent capable of forming the solvate include methanol, 
ethanol, isopropanol, acetone, ethyl acetate, methylene chloride, diisopropyl ether, and 
the like. 

Specific examples of the compounds of the formula (I) are shown in the 
following Table 1 (wherein Me- denotes a methyl group, Et- denotes an ethyl group, 
i-Pr- denotes an isopropyl group, and t-Bu- denotes a tert-butyl group). 

Table 1 



Table 1 . 



No. 


R' 




Fe 


R* 


X 


1 


2-OH 


CF3CH2'* 




H 


CH 
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3-OH 


CF3CH2" 
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CH 
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4-OH 


CF3CHj5_ 


CFjCHj. 
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CH 
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2-OH 
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3-OH 
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4-OH 
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CF3CH2- 


H 


N 
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2-OH 


CF3CH2_ 


Me- 


H 


CH 
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Me- 


H 


CH 
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4-OH 


CFjCHj. 


Me- 
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CH 


10 


2-OH 
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H 
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3-OH 
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4"^n 
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137 3-OCH3 -CHjCHjS-CCH-Pr -CHjCH^S-CO-hPr Me- CH 

138 4-OCH3 -CHgCH^S-CO-hPr -CHzCHzS-CCKi-Pr Me- CH 

As a production method of the compound of the fonnula (I) in the case where 
in the formula (T), each of and is a C1-C22 aDcyl group, or an ethyl group 
substituted by one or more halogen atoms, the compound can be synthesized, for 
example, according to the following reaction route (1) or (2). In the following scheme, 
R\ R"* and X are the same as defined above, represents a C1-C22 alkyl group, or an 
ethyl group substituted by one or more halogen atonis, and W represents a leaving group 
such as a halogen atom, a para-toluenesulfonyloxy group, a methanesulfonyloxy group 
or a trifluoromethanesulfonyloxy group. 
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<Reaction Route (1)> 
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First, the compound of the above formula (II) is reacted with the compound of 
the above formula (BO) at a temperature of 10**C to 250°C, preferably ISO^'C to 200°Q 
for 0.1 to 100 hours, preferably for 3 to 24 hours. The compound of the above formula 
(IV) obtained by the above reaction can be separated and purified by ordinary 
separation and purification means such as distillation-, adsorption- or 
partition-chromatographies, as necessary. The compound of the above formula (JV) 
may be separated and purified as stated above, or it may directly be used for the 
following reaction without purification. The compound of the above formula (IV) is 
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reacted with the compound of the above formula (V) in the presence of a base such as 
sodium carbonate, potassium carbonate, cesium carbonate, sodium hydrate, potassium 
hydrate, tdethylamine and diazabicycloundecen in a suitable solvent such as acetonitrile, 
tetrahydrofuran, dimethylsulfoxide, dimethylformamide or methylpyrrolidone at a 
temperature of 10°C to 200^C, preferably 50°C to 150°C, for 0,1 to 100 hours, 
preferably for 1 to 10 hours, to obtain the compound of the above formula (I'). 

The source of the compounds of the above formulas (IT), (III) and (V) which 
are raw materials for reaction route (1) is not particularly limited. For example, a 
compound commercially available as a reagent may be used, or a compound may be 
synthesized by a known method, as appropriate. By way of example, die compound of 
the above formula (V) can be synthesized by heating the compound of the formula (VI) 
and the compound of the formula (WIS) which are described later, in a suitable solvent 
such as acetonitrile or dimethylsulfoxide at a range of 50°C to 100°C. 

The compound of the above formula (I') can also be produced by the 
following method. In the following scheme, R\ R"*, R^, X and W are the same as 
defined above. 
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<Reaction Route (2)> 
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The coiiq)ound of the above foimula (IV) obtained by reaction route (1) is 
reacted with the compound of the above formula (VI) in the presence of a base sudi as 
sodium carbonate, potassium carbonate, cesium carbonate, sodium hydrate, potassium 
hydrate, triethylamine and diazabicycloundecen in a suitable solvent such as acetonitrile, 
tetrahydrofuran, dimethylsulfoxide, dunethylformamide or methylpyrrolidone at a 
temperature of 10°C to 200°C, preferably 50»C to 150°C for 0.1 to 100 hours, 

19 

SUBSTITUTE SHEET (RULE 26) 



wo 03/028737 



PCT/JP02/08799 



preferably for 0.5 to 10 hours, to obtain the compound of the above formula (VII). 
Thereafter, the compound of the above formula (VH) is reacted with a merc^tan 
represented by the above formula (VTH) or a salt thereof such as a sodium salt, a 
potassium salt, a litiiium salt or a triethylamine salt, in a suitable solvent such as 
acetonitrile, tetrahydrofuran, dimethylsulfoxide, dimethylformamide or 
methylpyrrohdone optionally in the presence of a suitable tertiary amine at a 
temperature of 10°C to 200°C, preferably 70X to 120°C for 0.1 to 100 hours, 
preferably for 0.5 to 12 hours, to obtain the compound of die above formula (V). The 

m 

compound of the formula (I') corresponds to a compound of the formula (T) wherein 
each of R and R is a C1-C22 alkyl group, or an ethyl group substituted by one or more 
halogen atoms. The source of the compound of die above formula (VI) which is a raw 
material of reaction route (2), is not particularly limited. For example, a compound 
commercially available as a reagent may be used, or the compound may be synthesized 
by a known method as appropriate. 

By further altering a phosphate ester portion of die compound of the above 
formula (I'), fliere can be obtained the compound of the formula (I) wherein R^ of die 
compound of the formula (I') is converted into anoflier substituent. For example, a 
compound of die formula (I) wherein bodi R^ and R^ are hydrogen atoms can be 
obtained by hydrolysis of die compound of die above formula (I'). Moreover, a 
compound of die formula (I) wherein R^ is a hydrogen atom, a Ci'C22 alkyl group, an 
acyltiiioediyl group, or an ediyl group substituted by one or more halogen atoms, and R^ 
is a C1-C22 alkyl group, or an ethyl group substituted by one or more halogen atoms, can 
be obtained by reaction of the compound of die above formula (I') witii die compound 
of die formula (IX): R^OH wherein R^ is a hydrogen atom, a C1-C22 alkyl group, an 
acyithioediyl group, or an ediyl group substituted by one or more halogen atoms, in no 
solvent or in a suitable solvent including a chloric solvent such as dichloromethane; 
pyridine; acetonitrile; tetrahydrofuran; dimediylsulfoxide; dimediylformamide and 
methylpyirolidone, optionally in the presence of acid or alkali, at a temperature of lO'^C 
to 100°C, preferably 20^C to 30°C, for 0.1 to 100 hours, preferably 5 to 12 hours. 

20 



wo 03/028737 



PCT/JP02/08799 



1 



o 

11 



CH2CHOCH2P-OR5 



o 
11 



CH2CHOCH2P-0R5 

R^ 6r6 



In the above scheme, R\ R\ and X are the same as defined above. 

A compound of the formula (I) wherein each of R^ and R^ is independently a 
hydrogen atom, a C1-C22 alkyl group, an acylthioethyl group, or an ediyl group 
substituted by one or more halogen atoms, can also be obtained by the following 
method. In the following scheme, R^ R^ and X are the same as defined above, and 

7 8 

each of R and R is independently a hydrogen atom, a C1-C22 alkyl group, an 
acylthioethyl group, or an ediyl group substituted by one or more halogen atoms, with 
the exception that both R^ and R^ can not represent hydrogen atoms at the same time. 
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First, the compound of the above foimula (I") is reacted with 
trimethylsilyldiethylaioine in a suitable solvrait such as dichloromethane, dichloroetfaane 
and chlorofoim around room temperature for about 1 hour. More than two moles of 
trimethylsilyldiethylamine are used per mole of the compound of the above formula (I"). 
After the reaction solution is concentrated to dryness, the residue is dissolved into a 
suitable solvent, for example, a chloric solvent such as dichloromethane, and then 
oxalyl chloride is added in an amount of 2 or more moles per mole of the compound of 
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the above formula (F'), followed by reaction on ice for about 1 hour, and then around 
room temperature for about 1 hour m the presence of a catalytic amount of 
dimethylformamide. 

The compound of the above formula (X) obtained by removal of the solvent, 
usually without being purified, is reacted with the compound of the formula (XI) and/or 
the compound of the formula (XII) in a suitable solvent, for example, a chloric solvent 
such as dichloromethane, pyridine, acetonitrile, tetrahydrofuran, dimethylsulfoxide, 
dimethylformamide or methylpyrrolidone, at a temperature of 10°C to 100°C, 
preferably 20'*C to SO'^C for 0.1 to 100 hours, preferably 5 to 12 hours. The obtained 
compound of the formula (XDI) corresponds to a compound of the formula (I) wherein 

2 3 

each of R and R is independently a hydrogen atom, a C1-C22 alkyl group, an 
acylthioethyl group, or an ethyl group substituted by one or more halogen atoms with 

* 2 3 

the exception that both R and R can not represent hydrogen atoms at the same time. 

As stated above, the compound of the above formula (I'*) which is a raw material of the 

above reaction, can be obtained by hydrolysis of the compound of flie formula (I'), or it 

can be more efficiently obtained by reaction of a compound of the formula (T) wherein 

R^ is a C1-C22 alkyl group with triethyhodosilane, trimethylbromosilane and the like. 

A compound of the formula (I) wherein each of R^ and R^ is an 

acyloxymethyl group, or wherein either one of and R^ is an acyloxymethyl group and 

the other is hydrogen, can be obtained by reaction of the compound of die above 

formula (I") with an acyloxymethyl halide represented by the following formula (XIV): 

R^ wherein R^ is an acyloxymethyl group and Y is a chlorine, bromine or iodine atom, 

in the presence of a base such as sodium carbonate, potassium carbonate, cesium 

carbonate, sodium hydride, potassium hydride, triethylamine, pyridine, 

diazabicycloundecen and N,N'-dichlorohexyl^morpholinecarboxamidine in a suitable 

solvent such as acetonitrile, tetrahydrofuran, dimethylsulfoxide, dimethylformamide or 

methylpyrrolidone at a temperature of 0°C to 200°C, preferably 10°C to 100°C for 1 to 

300 hours, preferably for 10 to 200 hours. In the case of a compound wherein each of 
2 3 

R and R is an acyloxymethyl group, the compound of the formula (XTV) may be 
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reacted with the compound of the formula (I") in an amount of 2 moles per mole of the 
compound of the formula (I"), while in the case of a compound wherein either one is an 
acyloxymethyl group, an equivalent mole reaction may be applied. 

A compound wherein either one of and is an acyloxymethyl group, ana 
the other is a C1-C22 alkyl group, an acylthioethyl group, or an ethyl group substituted 
by one or more halogen atoms, can be produced by preparing a compound wherein 
either one of R and R is a CrC22 alkyl group, an acylfliioethyl, group or an ethyl 
group substituted by one or more halogen atoms, and the other is a hydrogen atom, and 
thexi reacting the compound of the above fonnula (XTV) to this compound by the above 
method. 

The salt of the compound of the formula (I) can be synthesized, for example, 
by the foUowing method. The compound of the formula (T) is reacted with a 
corresponding acid with stirring at a temperature of -lO^'C to lOO'^C, preferably lO^'C to 
SO'^C for OJ to 20 hours, preferably for 0.3 to 1 hour in a suitable solvent such as ethyl 
acetate, isopropanol, acetonitrile, tetrahydrofuran, dimethylsulfoxide, 
dimethylformamide or inethylpyrrolidone. 

Among compounds represented by the formula (I), compounds wherein R^ is 
a hydroxyl group are disclosed in Japanese Patent Application No. 2000-54675 
(published as WOOl/64693) and PCTyjPOl/01412, and compounds wherein R* is a 
Ci'Ce alkoxy group are disclosed in Japanese Patent Application Laid-Open (Kokai) No. 
9-255695 (Patent No. 3148139). The disclosures of these applications are 
incorporated herein as a part of the disclosured of the present application. 

The above production method is provided as an example of a method for 
producing the compound of general formula (I), and so the method for producing die 
compound used in die present invention is not limited thereto. The compound of die 
above formula (I) produced by die above method or a salt thereof can be separated and 
purified by ordinary nucleotide separation and purification means, e.g., by selecting and 
applying means such as recrystallization-, adsorption-, ion exchange- and partition- 
chromatographies, as appropriate. 
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A target virus to which the anti-viral agent of the present invention is 
applicable is not particularly limited, and specific examples of the target virus include 
an RNA virus such as human komunodeficiency virus, influenza virus and hepatitis C 
virus; and a DNA vims such as heipes simplex virus type 1 and type 2, cytomegalovirus, 
varicella-zoster virus and hepatitis B virus, with hepatitis B virus being more preferable. 

Where the anti-viral agent of the present invention is used as a medicament, 
the compound of the formula (I) may be used singly, but it is preferred that, using a 
pharmacologically acceptable pharmaceutical additive, a pharmaceutical composition 
comprising the above compound as an active ingredient is produced and administered. 
The composition of the pharmaceutical composition is determined by the solubility of 
the compound, chemical properties, administration route, dosage regimen and the like. 
For example, the compound can be orally administered in an dosage form of a granule, 
a parvule, a powder, a tablet, a hard syrup, a soft capsule, a troche, a syrup, an emulsion, 
a soft gelatine capsule, a gel, a paste, a suspension, a liposome and the like, or the 
compound can be administered intravenously, intramuscularly or subcutaneously in the 
form of an injection. In addition, die compound may be formulated into powders for 
injection, and a solution may be prepared before use. 

As a pharmacologically acceptable pharmaceutical additive, an organic or 
inorganic, solid or liquid carrier, which is suitable for oral, enteral, parenteral or local 
administration, can be used. Examples of a solid carrier used for the production of a 
solid formulation include lactose, sucrose, starch, talc, cellulose, dextrin, kaoline, 
calcium carbonate, agar, pectin, stearic acid, magnesium stearate, lecitiiin, and sodium 
chloride. Examples of a liquid carrier used for the production of a liquid formulation 
for oral administration include glycerine, peanut oil, polyvinylpyrrolidone, olive oil, 
ethanol, benzyl alcohol, propylene glycol, physiological saline, and waten The above 
pharmaceutical composition can also comprise, in addition to the above carriers, an 
adjuvant such as a wetting agent, a suspension aid, a sweetener, a flavor, a coloring 
agent and a preservative. Further, a liquid agent may be contained in a capsule of a 
substance which can be absorbed, such as gelatin. Examples of a solvent or a 
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suspending agent, which is used for the production of a formulation for parenteral 
administration such as an injection, include water, propylene glycol, polyethylene glycol, 
benzyl alcohol, ethyl oleate, and lecithin. 

Considering the properties of known compounds, it can easily be assumed 
that the compound of the formula (I), especially the ester derivative of the above 
formula (I') has a high oral absorbency, and therefore oral administration is a preferred 
administration route for the anti-viral agent of the present invention. The preparation 
of each of the above formulation can be carried out according to standard techniques. 
Where the anti-viral agent of the present invention is used for oral administration, the 
clinical dose is generally 0.1 to 500mg of the compound per kg adult per day, and 
preferably 0.1 to 5Qmg of the compound per kg adult per day. The dose may be 
changed as appropriate, depending on age, disease condition, symptom, the presence or 
absence of concurrent administration and the like. The above dose may be apphed 
once a day or divided over two to several administrations per day at regular intervals, or 
may also be appUed intermittently every several days. Where the compound of the 
formula (I) is used as an injection, the applied dose is 0.01 to 50mg of the compound 
per kg adult per day, preferably 0.1 to 5mg per kg. 

[EXAMPLES] 

The present invention is further described in the following examples. The 
present invention is not limited to the Examples. The compound numbers in the 
Examples correspond to those in Table 1. 

Synthesis Example 1 : Production of 2-ainino-6-(4-hydroxyphenylthio)-9-[2- 
(phosphonomethoxy)ethyl]purine bis(2,2,2-trifluoroethyl) ester (Compoimd No. 3) 

87g of 2-chloroethylchloromethylether (670mmol) was reacted with 200g of 
Tris(2,2,2-trifluoroethyl)phosphite (610mmol) at 160°C for 7 hours to obtain 
2- [bis(2,2,2-trifluoroethyl)phosphonyhnethoxy] ethy Ichloride quantitatively. 
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206g of 2-(phosphonomethoxy)ethylchloride bis(2,2;2-trifluoroethyl) ester 
was dissolved in 2,000iiil of methylethylketone, 270g of sodium iodide was added 
thereto, and the mixture was refluxed for 8 hours. After reaction, the mixture was 
cooled to room temperature followed by concentration to dryness. The residue was 
dissolved in chloroform/hexane and then was adsorbed to a silica gel column, followed 
by elution with chloroform/hexane to obtain 2-(phosphonomethoxy)ethyhodo bis 
(2,2,2-trifluoroethyl) ester quantitatively. 

15.0g (88mmol) of 2-amino-6-chloropurine was suspended in 360ml of 
dimetiiylformamide, and the suspension was reacted with 13.9ml (93mmol) of 
l,8-diazabicyclo[5.4.0]undec-7-ene at 80°C for 1 hour. 23.8ml of 
2-(phosphonomethoxy)ethyliodo bis(2,2,2-trifluoroethyl) ester was added to the above 
reaction solution, and the mixture was reacted at 100°C for 5 hours. After reaction, die 
mixture was cooled to room temperature, followed by concentration to dryness. The 
residue was dissolved in chloroform, and was then adsorbed to a silica gel column 
followed by elution with 5%-methanol-chloroform to obtain 23.3g (yield 56%) of 
2-amino~6-chloro-9-[2-(phosphonomethoxy)ethyl]purine bis(2,2,2-trifluoroethyl) ester. 

To 10ml of dimethylformamide solution containing 2g of 
2-amino-6-chloro-9-[2-(phosphonomethoxy)ethyl]purine bis(2A2-trifluoroediyl) ester, 
0.8ml of pyridine and 0.64g of 4-hydroxythiophenol were added, and the mixture was 
stirred at 100°C for 2 hours. The reaction mixture was cooled to room temperature 
followed by concentration to dryness. 

The residue was dissolved in chloroform and was then adsorbed to a silica gel 
column followed by elution with 5% to 20% methanol-chloroform to obtain 1.3g (yield 
55%) of 2-amino-6-(4-hydroxyphenylthio)-9-[2-(phosphonomethoxy)ethyl]purine 

bis(2,2,2-trifluoroethyl) ester. 

^H-NMR (DMS0-d6, 5 ):3-85-3.88 (m, 2H), 4.14 (d, J=8.1Hz, 2H), 4.19^.22 
(m, 2H), 4.62-4.71 (m, 4H), 6.27 (s, 2H), 6.84 (d, J=8.7Hz, 2H) 7.7 (d, J=8.7Hz, 2H), 
7.89 (s, IH), 9.85 (s, IH) 
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Synthesis Example 2: Production of 2-anmio-6-(4-hydroxyphenylthio>9-[2- 
(phosphonomethoxy)etbyl]purine methyl(2,2,2-trifhioroethyI) ester (Compound No. 9) 

lOOmg of 2-amino-6-(4-hydroxyphenylthio)-9-[2- 
(phosphonomethoxy)ethyl]purine bis(2,2,2-trifluoroethyl ester (Compound No. 3) was 
dissolved in a 0.35N ammonia methanol solution, and the mixture was left at room 
temperature for 40 minutes, followed by removal of the solvent by distillation to obtain 

the compound of interest 

'H-NMR (DMS0-d6, 5 ):3.66 (d, J=4.5Hz, 3H), 3.83-3.87 (m, 2H), 4.00 (d, 
J=8.1Hz, 2H), 4.18-4.22 (m, 2H), 4.52-4.60 (m, 2H), 6.23 (s, 2H), 6.83 (d, J=8.4Hz, 
2H), 7.37 (d, J=8.4Hz, 2HX 7.89 (s, IH), 9.81 (s, IH) 

Synthesis Example 3 : Production of 2-amino-6-(4-hydroxyphenylthio)-9- [2- 
(phosphonomethoxy)ethyl]purine 2,2,2-trifluoroethyl ester (Compound No. 18) 

60mg of 2-amino-6-(4-hydroxyphenylthio)-9-[2- 
(phosphonomethoxy)ethyl]purinebis2,2,2-trifluoroethyl ester (Compound No. 3) was 
dissolved in a IN ammonia solution, and the mixture was left at room temperature for 3 
hours, followed by removal of the solvent by distillation to obtain the compound of 
interest 

^H-NMR (DMS0-d6, 5 ):3.51-3.54 (m, 2H), 3.74-3.77 (m, 2H), 4.03-4.12 (m, 
2H), 4.14-4.16 (m, 2H), 6.20 (s, 2H), 6.82 (d, J=8.4Hz, 2H), 7.12 (b, 3H), 7.36 (d, 
J=8.4Hz, 2H), 8.00 (s, IH), 9.81 (s, IH) 

Synthesis Example 4. Production of 2-amino-6-(4-hydroxyphenylthio)-9-- [2- 
(phosphonomethoxy)ethyl]purine (Compound No. 24) 

2-amino-6-chloro-9-[2-(phosphonomethoxy)ethyl]purine bisisopropyl ester 

was obtained by the same process as in Example 1, with the only exception being that 
triisopropylphosphate was used for substitution of Tris(2,2,2-trifluoroethyl)phosphate. 

4.1ml of bromotrimethylsilane was added to 37ml of acetonitrile solution 
containing 3.7g of 2-amino-9-[2-(phosphonomethoxy)ethyl]-6-chloropurine 
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bisisopropyl ester, and the mixture was stirred at 25°C for 16 hours. Then, the solvent 
was removed by vacuum removal and the residue was crystallized from 45nGd 
acetone- 15ml water to obtain 2.4g of 

2-aniino-6-chloro-9-[2-(phosphonomethoxy)ethyl]purine. 304mg of - 

4-hydroxythiophenol and 0.32ml of pyridine were added to 5ml of DMF. solution 
containing 308mg of the obtained compound, and the mixture was heated at 100°C for 4 
hours. After removal of the solvent, the compotmd of interest was isolated by high 
performance liquid chromatography. 

^H-NMR (DMSO-d6, 5 ):3.57-3.60 (m, 2H), 3.81-3.84 (m, 2H), 6.83 (d, 
J=8.7Hz, 2H), 7.38 (d, J=8.7Hz, 2H), 7.96 (s, IH) 

Test Example 

(1) Preparation of KNA 

The schematic diagram of plasmid constructs used in this test is shown in 
Figure 1. Each of the plasmid constructs has a T7, T3 or Sp6 promoter region 
upstream of a region encoding an RNA of interest. After digestion of each plasmid 
construct with restriction enzymes, using RiboMAX™ Large Scale RNA Production 
Systems (Promega) according to a manufacturer-recormnended method, an RNA of 
interest was obtained. In a construct used in the conventional method, both a region 
encoding POL and a f motif exist in the same RNA. In a construct used in the 
improved method, an RNA encoding POL and another RNA having a e motif were 
synthesized separately. Free nucleotides were removed from the obtained RNA 
products by MicroSpin S-300HR column (Amersham), and the concentration of RNA 
was adjusted with nuclease-free water. 

(2) Pharmaceutical evaluation test by the conventional method 

The mediod of Staschke and Colacino (1994) was used with some 
modifications. Using an RNA obtained from die construct as shown in Figure 1 A and 
Rabbit Reticulocyto Lysate System, nuclease treated (Promega), an in vitro translation 
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reaction was carried out to obtain a POL- e RNA complex of interest 50mM 
Tris-hydrochloride buffer (pH7.5), ISroM NaCl and lOmM MgCla at final concentration 
were added to 2.5 u 1 of POL- f RNA complex, and dNTP and a test medicament were 
further added thereto to prepare the mixture of a final volume of 5 1, followed by 
incubation at 30°C for 30 minutes. In each test, either [ a 32P] labeled dATP or dGTP 
with a specific activity of 400 to l,OOOCi/nmiol was prepared and used. After 
incubation of the reaction mixture, the mixture was subjected to SDS polyacrylamide 
gel electrophoresis according to standard techniques, and the gel was dried, followed by 
exposure to an Imaging Plate (Fuji Film), The exposed Imaging Plate was read by 
BAS-5000 (Fuji Film), the labeled POL was detected, and the radioactivity was 
determined by deduction of the background value of each lane. The pharmaceutical 
competitive action of the labeled compound was analyzed using kinetics with a dNTP at 
final concentration of 2 to 0.1 /z M. The test results obtained by the conventional 
method are shown in Figure 2. At present, the oral prodrag of 
phosphonomethoxyethyl adenine (PMEA; general name: adefovir) is undergoiog a 
clinical test for an anti-HBV agent; and the diphosphorylated form of PMEA. (PMEApp) 
competes with dATP and proved to be an active metabolite of PMEA. In this 
experiment system, it was confirmed that PMEApp, diphosphorylated form of PMEA, 
competed with dATP. However, compound A (2-amino-6-(4-hydroxyphenylthio) 
9-[2-(phosphonomethoxy)ethyl]purine) (described in Japanese Patent Apphcation 
Laid-Open (Kokai) No. 9-255695 (Japanese Patent No. 3148139)) showed no inhibitory 
activity in this experiment system. 

(3) Establishment of an improved method 

To find a compound which shows a pharmaceutical effect with a novel action 
mechanism such as a POL- e RNA binding inhibitory agent or an inhibition of the first 
deoxyaucleotide covalently attached to POL, which could not be found by the 
conventional method, the conventional experiment series was improved. Using an 
RNA obtained fix^m the construct shown in Figure IB and Rabbit Reticulocyte Lysate 
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System, nuclease treated (Promega), an in vitro translation reaction was carried out to 
obtain a POL protein alone, and then cycloheximide was added thereto at jQnal 
concentration of ImM to terminate the translation reaction. Similarly, a sample 
wherein translation is not terminated was prepared. Thereafter, 1/10 volume of £ 
RNA obtained from the construct shown in Figure IC was added to the solution at final 
concentration of 500 to 5.12nM and the mixtmre was further incubated at 30°C for 60 
minutes. To 2.5 1 of the reaction mixture obtained as above, 50mM 
Tris-hydroctdoride buffer (pH7.5), ISmM NaQ and lOmM MgClaat final concentration 
were added, and [ a 32P3-dGTP (600Ci/mmol) was further added thereto at final 
concentration of 1.6 m M to prepare the mixture of a final volume of 5 /x 1, followed by 
incubation at 30^C for 30 minutes. After incubation of the reaction solution, the 
solution was subjected to 0.1% SDS 7.5% polyacrylamide gel electrophoresis according 
to standard techniques, and the gel was dried, followed by exposure on an Imaging Plate 
(Fuji Fnm). The exposed Imaging Plate was read by BAS-5000 (Fuji Film), the 
labeled POL was detected, and the radioactive level was determined by deduction of the 
background value of each lane. The results are shovm in Figure 3. The results of a 
double reciprocal plot (Lineweaver & Burk plot) of Figure 3B show that there is a clear 
correlation between POL and a ENA concentration. It has become possible that a 
compound having a novel mechanism such as POL- e RNA binding inhibition is 
evaluated. Furthermore, since the signal intensity differed according to whether or not 
cycloheximide was added, it was considered that where cycloheximide was not added, 
the translation reaction still continued at the point of e RNA binding reaction. 
Therefore, it was considered that tenninatibn of the translation reaction by addition of 
cycloheximide is required before addition of a medicament and a e RNA to prevent a 
pseudo-positive state caused by a non-specific translation inhibitor. 

(4) Pharmaceutical evaluation test by the improved method 

A test by the improved method was carried out by preparing POL according to 
the above-described method, adding cycloheximide thereto at final concentration of 
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ImM, and further adding a test medicament, followed by incubation at 30°C for 15 to 
30 minutes. Hie test medicament used in the present invention were compound A 
(2-ainino-6-(4-methoxyphenylthio)-9-[2-(phosphonomethoxy)ethyl]purine) (described 
in Japanese Patent Application Laid-Open (Kbkai) No. 9-255695 (Japanese Patent No. 
3148139)) and compound B (2-amino-6-(4-hydroxyphenylthio)-9-[2- 
(phosphonometboxy)ethyl]purine (compound No. 24)). The structure of each of 
compounds A and B is shown below. 




(Compound A) (Compound 



Thereafter, a c RNA was added thereto and the mixture was further 
incubated at 30°C for 60 minutes. 50mM Tris-hydrochloride buffer (pH7 J), 15mM 
NaCI and IQmM MgCl2 at final concentration were added to 2.5 a 1 of the obtained 
reaction solution, and dNTP was further added thereto to obtain the mixture of a final 
volume of Silly followed by incubation at 30°C for 30 minutes. In each test, either [ a 
32P] labeled dATP or dGTP with a specific activity of 400 to l,OOOCi/mmol was 
prepared and used. After incubation of the reaction solution, the solution was 
subjected to 0.1% SDS 7.5% polyacrylamide gel electrophoresis according to standard 
techniques, and the gel was dried, followed by exposure on an Imaging Plate (Fuji Film). 
The exposed Imaging Plate was read by BAS-5000 (Fuji Film), the labeled POL was 
detected, and the radioactive level was determined by deduction of the background 
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value of each lane. Figure 4 shows the results of kinetics analysis of f RNA and 
Figure 5 shows the results of each binding reaction to £ RNA, in which POL itself was 
diluted with rabbit reticulocyto lysate to 1, 1/2, 1/3, 1/4 and 1/5, foUowed by addition of 
a medicament Compound A showed no inhibitory activity in the conventional method 
(Figure 2), but showed the activity in the improved method. The test results obtained 
by each of the conventional and improved methods are shown below (Table 2). 

Table 2. 



Summary of analyses by conventional and improved methods 





Analysis result by the conventional 
method 


Analysis result by the improved 
method 




dGTP 


dATP 


E RNA 
competition 


POL 

competition 


PMEA 


negative 


negative 


negative 


negative 


PMEApp 


negative 


positive 


no tests 


no test 


Compound A 


negative 


negative 


positive 


no tests 


Compound B 


negative 


negative 


positive 


positive 



(5) Study of the fonnatioii of TP- ATP POL- e RNA complex by dividing Terminal 
Protein (TP) and Reverse transcriptase (RT) regions of POL 

As shown in Figure lA, Terminal Protein (TP) region to which 
deoxynucleotide is bound, Reversetranscriptase (RT) region having a 
reversetranscriptase activity, and RNase H region which digests tenoplate RNA are 
present on POL of Hepadnaviridae virus. La the POL competitive assay in (4) above, 
the translation of fee respective regions on POL can not independently be controlled, 
and the region which corresponds to the substrate of the inhibitory reaction cannot be 
identified. Therefore, TP region and a region other Aan TP on POL ( A TP POL) were 
translated from the separate RNAs by using the constructs shown in Figure 1 D and E, 
and the formation of TP- A TP FOI^ £ RNA complex was investigated. 

la vitro co-translation reaction was carried out using Rabbit reticulocyto 
Lysate system, nuclease treated (Promega), while the final concentration of RNA 
derived from the constroct of Figure IE is fixed to be 1.0 m g/M 1 and the final 
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concentration of RNA derived firom the construct of Figure ID is adjusted to be 1.0 to 
0.2tigfn\. To the obtained solution was added £ RNA obtained ftom die constract 
of Figure IC at a final concentration of 600 to 20 nM in 1/10 volume, and the mixture 
was incubated at 30t: for 60 minutes. To 3 ju 1 of the obtained reaction mixnire of 
TP- A TP POL- £ RNA complex was added SOmM Tris-HQ buffer (pH7.5), ISmM 
NaQ and lOmM MgCh (each concentration is a final concentration). Further, [ a 
32Pl-dArP (600 Cymmol), and cold dTTP, dCTP and dGTP were added at a final 
concentration of 1 .0 m M, the final vohraie was adjusted to be 5 m l and the mixture was 
incubated at 30°C for 80 minutes. After incubation, die reaction solution was 
subjected to 0.1%SDS-12% polyacrylamide gel electrophoresis according to a 
conventional method, and flie gel was dried and exposed to an imaging plate (Fuji Fihn). 
The result is shown in Figure 6. The binding reaction of deoxynucleotide to TP 
dependent on TP concentration or £ RNA concentration was confirmed. 

(6) Inhibitory activity of medicamrait against the formation of TP- A TP POL- £ RNA 
complex 

Inhibitory activity of medicament against the formation of TP- A TP POL- £ 
RNA complex was assayed by performing the aforementioned translation reaction in the 
presence of a test medicament to bind £ RNA at a concentraticm of lOQnM and detecting 
deoxynucleotide binding reaction and TP. Compound A, Compound B, PMEA and 
PMEG (9-(2-phosphonomethoxyethyl)guanine) were used as test medicamaits. As 
shown in Figure 7. Compound A, Compound B and PMEG which are 2-aminopurine 
derivatives inhibited the binding of deoxynucleotide to TP, but PMEA showed no strong 
inhibition under tiie same condition. 



(7) Evaluation in woodchuck chronic hepatitis models 

Each group of 4 woodchucks, which were chronically infected with WHV, 
were orally administered with 2.5mg/bodyweight kg/day or lOmg/body weight kg/day 
of Compound C or . placebo over two administrations per day for 28 days. The 
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As a marker for determining a pharmaceutical effect, a serum WHV DNA level was 
determined by slot blot method. After the WHV DNA level (pg/ml) was normalized 
by logarithmic transformation, p value was obtained by E)unnett*s test between the mean 
value in each test group and a placebo control group at various points. The results are 
shown in the following table 3. After the administration of the medicament was 
terminated after 28 days, in respect of a 10mgA)ody weight kg/day administration group, 
significant decrease of the WHV DNA level was observed until the 112* day, the 
termination of the observation. 
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Parametric Dunnett two-tailed test 

All values were calculated using a SAS package of preclmical test version 

4.1. 

N=4 aU groups from initiation of the test 

N=3 lOmg of Compound C was administered from the 84^ day 

From the above results, it was found that compounds A, B and C have a 
profile different from PMEA and its active body, PMEApp, and therefore these 
compounds are polymerase rohibitors having a novel action mechanism which is 
different from a competitive action wifli dNTR It is considered that the compounds act 
at the iaitial stage of die replication of a hepadnaviruses, and inhibit the activation of 
polymerase by formation of a POL- a RNA complex The existing anti-viral agent 
which is competitive with dNTP, has a problem regarding rebound of virus level after 
drug withdrawal, while the medicament of the present invention, which appears to have 
a polymerase inactivation action, is expected to have a sustained pharmaceutical effect 
even after drug withdrawal. 

Industrial Apphcabihty 

The anti-viral agent of the present invention has an excellent anti- viral activity, 
a high oral absorbency and high safety to organisms. Moreover, the anti- viral agent of 
the present invention which has a polymerase inactivation action, has a sustained 
pharmadeutical . effect even after drag withdrawal, that is, after the termination of 
administration of the medicament 

The present appUcation claims a priority based on JP AppUcation 
No.2001-262437, which is incorporated herein by reference as a part of the disclosure 
of the present application. 
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Qaims 



1. An anti-viral agent comprising, as an active ingredient, a medicament which 
inhibits activation of viral polymearase via RNA binding. 

2. The anti-viral agait according to claim 1 wherein activation of viral polymerase 
via RNA binding is activation of viral polymerase via binding of virus RNA and viral 
polymerase. 

3. The anti-viral agent according to claim 1 or 2 wherein RNA is £ RNA. 

4. The anti-viral agent according to any one of claims 1 to 3, wherein a 
pharmacological efficacy is sustained after withdrawing the agent 

5. The anti-viral agent according to any one of claims 1 to 4, wherein the virus 

belongs to Hepadnavkidae. 

6. The anti-viral agent according to any one of claims 1 to 5, wherein the virus is a 

hepatitis B virus. 

7. The anti-viral agent according to any one of claims 1 to 6, wherein the 
medicament is a phosphonate nucleotide compound represaited by the following 
formula (I) or a salt thereof, or a hydrate or solvate thereof: 
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(I) 



wherein, 

is a hydroxyl group or a Ci-Ce alkoxy group; each of and R^ is independently a 
hydrogen atom, a C1-C22 alkyl group, an acyloxymethyl group, an acylthioethyl group, 
or an ethyl group substituted by one or more halogen atoms; R^ is a hydrogen atom, a 
CrC4 alkyl group, a Ci-C4 hydroxyalkyl group, or a CrC4 alkyl group substituted by 
one or more halogen atoms; and X is CH or a nitrogen atom. 

8. The anti-viral agent according to claim 7, wherein R^ is a hydroxyl group or a 
mefhoxy group. 

2 3 • 

9. The anti-viral agent according to claim 7, wherein each of R and R is 
independently a hydrogen atom, a C1-C22 alkyl group, or an ethyl group substituted by 
one or more halogen atoms. 

2 3 • 

10. The anti- viral agent according to claim 7, wherein each of R and R is 
independently a hydrogen atom or a 2,2,2-trifluon)ethyl group. 

11. The anti- viral agent according to claim 7, wherein R"* is a hydrogen atom or a 
methyl group. 
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12. The anti-viral agent according to claim 7, wherein X is CH. 

13. The anti-viral agent according to claim 7, wherein is a hydroxyl group or a 
methoxy group, each of and R^ is independently a hydrogen atom or a 
2,2,2-trifluoroethyl group, R^ is a hydrogen atom, and X is CH. 

14. The anti-viral agent according to claim 1, wherein the medicament is 
2-anrino-6-{4-methoxyphenylthio>9-[2-(phosphonomethoxy)ethyl]purinebis(2^^^^ 
trifluoroethyl) ester, 2-amino-6-(4-methoxyphenylthio)-9-[2-{phoq>honomethoxy) 
ethyl]purine, 2-amino-6-(4-hydroxyphenylthio)-9-[2-(phosphonomethoxy)ethyl]puiine, 
or 2-aniino-6-{4-hydroxyphenylthio)-9-[2-(phosphonomethoxy)ediyl]purme (2,2,2- 

trifluoroethyl) ester. 

15. A method for screening an anti-viral agent, which comprises a step of 
evaluating activation of viral polymerase via RNA binding. 

16. The method for screening an anti-viral agent according to claim 15, wherein the 
step of evaluating activation of viral polymerase via RNA binding is that of evaluating 
the degree of binding of virus RNA and viral polymerase. 

17. The method for screening an anti- viral agent according to claim 15 or 16, which 
comprises steps of adding a test medicament to viral polymerase, adding virus RNA, 
and evaluating the degree of binding of virus RNA and viral polymerase. 

18. The method for screeniag an anti-viral agent according to any one of claims 15 
to 17, which comprises steps of adding a test medicament to viral polymerase, adding 
virus RNA, and judging that the test medicament is an anti-viral agent when the test 
medicament inhibits the binding of virus RNA and viral polymerase. 

19. The method for screening an anti- viral agent according to any one of claims 15 
to 18, wherein RNA is a RNA. 

20. The mefeod for screening an anti-viral agent according to any one of claims 15 
to 19, wherein the vims belongs to Hepadnaviridae. 

21. The method for screening an anti-viral agent according to any one of claims 15 

to 20, wherein the virus is a hepatitis B virus. 

22. An anti-viral agent obtained by the method for screening an anti-viral agent 
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according to any one of claims 15 to 21. 

23. An anti-viral agent obtained by the steps of conducting the method for 
screening an and- viral agent according to any one of claims 15 to 21 to obtain an 
anti-viral substance, producing the thus obtained anti-viral substance by chemical 
synthesis, and mixing the anti-viral substance with a pharmaceutically acceptable 
carrier. 
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